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SUMMARY

Somecalculationsweremadeon thebasisof simplifyingassumptions
_&mdeterminetheeffeeton theground-rundistanceofmaintaininga nose-
highattitudeinsteadofa three-pointattitudein landingsof several
typesof jetairplaneson slipperyrunways.Theairplanesconsideredwere
a swept-wingtransportandunswept-,swept-,snddelta-wingfighters.The
effectof suchfactorsas speed,brakingeffectiveness,andresidualthrust
on thedifferenceinground-rundistancewiththetwohandlingtechniques
isbrieflyconsidered.Somecomputationswerealsomadetoindicatethe
effectof instantaneousflapretractionon

INTRODUCTION

Intheproblemofsz’restingairplanes

theground-rundistance.

landingon slipperyrunways,
someqwstionhasbeenraisedastowhethera shortergroundrunmaybe
effectedby nosinganairpl&medowntothethree-pointattitudeimmedi-
atelyaftertouchdownandapplyingthebrakesthanbymaintaininga nose-
highattitudeangleforscmedistancedowntherunway,stisequently
loweringthenosewheeltotherunway,andthenap@yingthebrakes.
Pilotsof scmefighterairplanesls.ndingonrunwaysduring,or imw=di-
atelysd%er,a heavyrainhaveben reportedtomakeuseofthenose-
high-attitudetechnique.Thistechniqpeisalsoreportedtohavebeen
usedby sanepilotsoftransportsondryrunways.

Thechiefpurposeofthisanalysisisto indicateby simplifiedcal-
culationthepossibledifferencesinground-rundistancesforseveral
typesof jetairplanesobtainedby usingthetwopretious~described
techniquesinlandingon slipperyrumways.Theeffectof suchfactors

. as speed,brakingeffectiveness,andidlingthrustonthedifferencein
ground-rundistancewiththetwohandlingtechniquesisalsobriefly
considered.

*
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Becausethequstionisoftenraisedastotheeffectivenessof
retractingflapsduringa groundrun,smneresultsarepresentedfor
theeffectof instantaneousflapretmctionatwound contactonthe
ground-rundistance.

Gromd-rundistsncesarepresentedforrunwaysurfaceconditions
havingmsximumavailabletire-to-groundfrictioncoefficientsbelow0.3.
Frictioncoefficientsinthis
cientstypicaloflandingson
runways,andon icysurfaces.

rangewouldinclude,forexsmple,coeffi-
wetrunwaysathighspeeds,on snuw-covered

SYMBOLS

airplanedragcoefficient

airplaneliftcoefficient

incrementindragcoefficientduetoflap

incrementinliftcoefficientduetoflap

Iaccelerationdueto gravity,32.2ft sec2

wingincidencewithrespecttofuselsgereferenceline,deg

airplanelift,lb

dynamicpressure,g, lb/sqft

airplanewingarea,sqft

ground-rundistance,ft

residualor itiingthrust,lb

the, sec

airplanespeed,ft/sec

airplaneweight,lb

angleofattackoffuselagereferenceline,deg
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Cfm angleofattackmaintainedaftertouchdowninlanding,deg

P sea-leveldensity,slugs/cuft

v frictioncoefficient

pa maxianmavailabletire-to-groundfrictioncoefficient

~b airplanebrakingcoefficient

h rolling-frictioncoefficient,0.02

Subscripts:

13 atthree-pointattitude

max maximum

n at timewhenairplaneisnoseddownfrm a high-attitudeangle
duringgroundrunto a three-pointattitude

s at stall;alsoattimewhen W = SqC~,w

t atmomentoftouchdown

METHODOFANALYSIS

Airplanes

Forthepurposeof evaluatingtheeffectof a nose-highattitude
angleon theground-rundistancenecessaryinairplanelandings,several
jetairplanesconsideredtypicalofmodernaircrafthavebeenselected
forstudy..Theairplsneschosenincludea sweptback-wingjettrans-
port,threesweptback-wingfighters(identifiedasfightersA, B, andC),
sm unswept-wingfighter,sada delta-wingfighte+.Someof thephysical
characteristicsof theseairplanesaregivenin tableI. me aerodynamic
characteristicsnecessaryforthecalculationswereobtainedfromavail-
ablewind-tunnelandflightdata,orwereestimatedwhensuchdatawere
notavailable,andareshowninfigure1. Correctionsforgroundeffect
wereestimatedbymethodof reference1.

Theeffectof flapretractionon landingground-rundistancewas
calculatedforallairplanesexceptthetaillessdelta-wingfighter.
Theincrementsinliftad dragcoefficientscontributedby theflaps
aregivenin tableII.

,
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EffectofAirplaneAttitude

Landingdistancefor Vt = 1.05V~.- Thetypeofvariation
ofattackwithspeedassumedinthecmnputationoftheJanding
rundistanceisillustratedinfigure2 fora toucMownspeed
~ pe?.’centabovethestallingspeedVs,whichcorrespondsto a
coefficientof 0.91~,=. Thecurve~abeled“a”corresponds

*

of angle
●

ground-
Vt of —
lift —
toa“

landinginwhichthepilotmaintainstheangleofattackcorresponding
to ~ percentabovestallingspeeduntila speedVn isreached.The
angleofattackisthenasswedtobe decreasedinstantlyat speedVn
to thethree-pointattitudeandkeptatthisattitudefortherestof
thegroundrun. Thecurvelabeled“b”correspondsto a landinginwhich
thepilotnosestheairplanedowntothethree-pointattitudeatthe
instantof contact.Inthehandlingtechniqpeindicatedby curvea,
thebrakesareappliedonlytitertheairplaneisnoseddowntothe
three-pointattitude.Forthetechniqueindicatedby curveb thebrakes
areassumedtobe appliedimmediatelyontouchdown.Duringbraking,
theentireverticalload(W- L) isass&edtobe takenonthemain
wheels.Forthehandlingtechniqyeindicatedby curveb, thisassump-
tionwi31smounttotheuseof justenoughelevatortokeeptheload
offthenosewheel.At speedsbelow Vn theairplanewillbeatthe
three-pointattitudeforbothhandlingtechniqmsand,consequently,
thatpartoftheground-rundistancebetweenspeedsVn and O isthe
sameforbothtechniques.Fortheunswept-andswept-wingairplanes
consideredherein,theflapssmeassumedto remaindownthroughoutthe
groundrun.

?

Thelandingground-rundistanceintheabsenceofwindiscanputed
onthebasisoftheeqmtion

—

or,inanalternateform,i

1 dq CDq.— =-— .
gpds CL,tqt (

~1-

-L)+T

cLq ) T

cL,tqt‘F

where,attouchdown,itisassumedthat

w = cL,-@&
a

(1)
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Intheintegrationofequation(l),thefrictioncoefficientv is
takenasa constantrolling-frictioncoefficient~ duringthenose-
high-attitudepartofthegroundrunsmdas a constantbrakingcoeffi-
cient ~b duringthethree-point-attitudepartof the run. Sincethe
valueof & issmall(takenhereas0.02)(refs.2 and3), itsvaria-
tionwithspeedwouldhavea negligibleeffectonthelandingground-run
dist=ce. Thebrakingcoefficientpb dependsonthepilot’stechnique
inapplyingthebrakes,ontherangeoftire-skiddingvelocitiesover
whichantiskiddevicesoperate(iftheairplaneissoeqpipped),onthe
brsk.etorqpelimitation(whichisa functionof speedandbraketemper-
ature),andontherunwaysurfacecondition(whichdeterminesthemaxi-
mumavailabletire-to-groundfrictioncoefficient~). Informationon
thevsriationof pa withspeedisverymeager.On slipperysurfaces,
suchasthoserepresentedby valuesof ~ between0.05and0.32 ~a
probablydoesnotvarymuchwithspeed.Inviewofthevarying”nature
oftheseveral.factorsthateffectPb,thevalueof ~ cannotbe
expressedexplicitlyasa functionof speedand,hence,isassumedto
be constantfora givenrunwayconditionintheintegrationofequa-
tion(l). Onthebasisof
tion(1)@elds theground

(

theseassumptions,theintegrationof-equ-
distances,asfollows:

1s=~ 1
m cD,t

lo%
‘D.t T

Vr-—
CL,t

1
CL,g CD,g

~b~- CL,tY

(. )%,t%T
kc-kc- -—~

cL,t % +n
—-—
cL,t w

(2)

Thefirsttermontheright-handsideofequation(2)representsthe
distanceduringthatpartofthegroundrunwiththenose-highattitude
andthesecondterm,thedistanceduringthatpartwiththeairplane
atthethree-pointattitude.Solutionofeqution(2)forvariousvalues

of %— < 1.0 yieldstheground-rundistanceforcurvea offigure2;
%
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qnwhereasthesolutionwith — = 1.0 givesthedistanceforcurveb
qt

sincethefirsttermontheright-handsideofequation(2)becomes
zero.

Eqyation(2)isvaliduptothelowestvalueof ~ thatpermits
developmentofmaximumbrakingtorqueforcontinuousoperation.For
thepresent-daytransportsthemsximumbrakiqgtorqueforcontinuous
operationappearstobe intherangethatwouldprovidea decelerating
forceduetobrakingof 0.234to 0.3W. Ifthehigherofthesetwo
valuesisassumed,as itisherein,thelowestvalueof ~ atwhich
maximwubrskingtorqueforcontinuousoperationisdevelopedwillbe,
foreqle, 0.3for Vb =%, O.lfor Pb = 0.’75~,and0.6for
~b = 0.50va. T@ calculationsarethereforemadeforvaluesof ~ Up
to thatatwhichtbemaximumbrakingtorquewillbe developed.If stop-
pingdistmcesathighervaluesof Va aredesired,ttifriction~~
V(W- L) ineqwa.tion(1)willhavetobe replacedby O.~ atthetime
duringtherunwhenmaximumbrskingtorqueisdeveloped.

Theground-rundistemceforattitudeangles~ otherthanthat

.

m

correspondingto a speed5 percentabovestallingspeediscalculated
.—

fortheswept-wingfightersB andC andthedelta-wingfightertouching
downat 5 percentabovestaUingspeed.Theassumedvariationofangle
ofattackwithspeedfortheseairplanesisillustratedinfigures3 ?
to 3.

—

Landingdistancefor Vt = l.30vs.-Forcomparisonwiththedistance
ata touchdownspeedof5 percentabovestallingspeed,thegroun”d-run
distanceforthedelta-wingfighteriscalculatedfora touchdownspeed
of30percentabovestallingspeedwithseveralattitudeangles~.
Theassumedvariationofangleofattackwithspeedduringtheground
runforvariousattitudeanglesis HJ.u,stratedinfigure6. Forattitude
angles”greaterthantheangleofattackcorrespondingtoa speedN per-
centabovestallingspeed,thepilotiSass~d to increa=theangle
ofattackasthespeeddecreases)in sucha waYt~t t~ ~ft oft~
airplaneiseq~ totheweightuntilthedesiredground-attitudeangle
isattained.Thegroundrunisthencontinuedatthisangledownto
speedVn atwhichtheangleofattackisassumedto decreaseinstantly
tothethree-pointattitudeandthebrakesareapplied.Theground-m
distanceisgivenby theeqmtion
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()l% - M
CD,S % T-—— -.

q~ 1 CL,S % ‘+
G CD,s 10% CD,S T

&-- —- —
CL,S CL,S w

1-

1

CL,g CD,g
‘bCL,~

—-—
CL,s

!-+
loge

( CL,g cD,g %

)
b-;- ~b~-—— CL,S %> 1

.

(3)

Thefirsttermontheright-handsideofequation(3)isthedistance
duringthepartoftherunwhen L =W. Thesecondtez?nisthedistsmce
forthatpartoftherunwiththeconstantnose-highsingleofattack.
Thelasttermisthedistanceforthebrakingpartoftherunwiththe
airplaneatthethree-pointattitude.Forattitudesingleslessthan
thatcorrespondingtoa speedof~ percentabovestallingspeed,the
angleofattackisass-d to decreaseinstantlyat contacttothe
desiredattitudeangle.Thegroundrunisthencontinuedatthisatti-
tudedownto speedVn atwhichthemgle ofattackisassumedto
decreaseinstantlytothethree-pointattitudeandthebrakesareapplied.
Theground-rundistsmceisgivenby equation(2)forthiscase.

EffectofFlapRetraction

Theground-rundistancewithflapsretractedis calculatedforall “
airplanesexceptthetaillessdelta-wingairplaneby usingequation(2)
~ndassum$ngthattheairplaneisnoseddownto a three-pointattitude

k=‘)1 0 withtheflapsretractedattheinstantofgroundcontact.

me entirevertical.loadisassumedtobe carriedonthemainwbeel.s.

.

u
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RESULTS .

EffectofAirplaneAttitude
.

Landingdistanceat Vt = l.05Vs.- Thelandingground-rundistance
forseveraltypesof Jetairplanestouchingdownat 5 percentabove
stallingspeedisshowninfigure7 forvariousconditionsoftherun.
way,as indicatedbythemsximumavailabletire-to-groundfrictioncoef-

ficient

ficient

friction

Vn2 ~
l% andfor=ious =Iues of

()~ ‘~” Thebrakingcoef-

~b isassmnedeqyaltothemsxinnmavailabletire-to-ground

V2
coefficient~a. H~ CUI’VeSlaleled ~~ = 1.0 represent

the ground-run distances
curve b infig.2) where

thethree-pointattitude

\’t/

forthehandlhgtechnique(indicatedby
theangleofattackisdecreasedimmediatelyto

Vn 2
attouchdown.Curveslabeled

()
86=0 .,0.,

~
and0.4 representground-rundistancesforthehandlingte-chnique
(indicatedby curvea infig.2)wheretheattitudeanglecorresponding “
to thatfor5 percentabovestallingspeedwasmaintaineduntilthe
-C pressure had decreasedtovaluesof80,60,and4-0percentof
thedynemicpressureattouchdown,respectively. w

—

Accordingtofigures7(a),7(b),and7(e)thereisnoadvantagein
maintaininga nose-high-attitudeangleaftertouchdownfortheunswept-
wingfighter,theswept-wingfighterA, ortheswept-wingtransport.
Infact,forthesethreeairplanestheground-rundistanceincreases
considerablyfortire-to-groundfrictioncoefficientsgreaterthan0.05,
whichrepresentsa veryslippe~surface.Fortheswept-wingfightersB
andC (figs.7(c)and7(d)),somesmallreductioninground-rundistsmce
canbe obtainedforvaluesof & lessthanabout0.10.Atvaluesof ~
greaterthan0.10,theincreaseinground-rundistanceisappreciable. ——

Theeffectontheground-rundistanceoflimitingtheattitudeangle
inlandingisillustratedinfigures8 to 10. Ifthemadmumattitude
anglewerelimited,forexsmple,by tail-pipeclearance,to 10°instead
of 16°forswept-wingfighterB,andto 5°insteadof9°forswept-wing
fighterC,thenose-high-attitudetechniquewouldresultinan increase
inground-rundistanceevenatvaluesof’~ downto approximately0.05.
Forthedelta-wingfighteroperatingatanattitudeagglecorresponding -
to 5 percentabovestallingspeed(about_20°),thereductioninground-
rundistance(fig.10(a))isobtainedatvalues of Pa belowapproxi-
mately0.2withratherlargereductionsobtainableonveryslippery m
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(-f== Pa ‘ 0.05).Foranattitudeangleof15°,onlysmallreduc-
tionsindistanceareobtainedandonlyatvaluesof ~ lessthan
approxhately0.08(fig.10). Foran attitudesinglelimitedto a maxi-
mumof100,noreductionisobtainedwiththenose-high-attitudetech-
niquedowntoaval.ueof ~ of0.05.

t

Landingdistanceat Vt = 1.30Vs.-Theground-rundistanceforthe
delta-wingfighterlandingata speedof ~ percentabovestallingspeed
is showninfigureU forseveralattitudeangles.Thecurveslabeled

()

Vn 2

~ = 0.26,0.39,and0.52 correspondto curvesoffigure8 labeled

Vn2() 0.k, 0.6, and0.8,respectively,inasmuchasthecorresponding
~=
curveshavethessmevalue of Vn. A comparisonoffigures10and11
indicatesthatthevalueof ~ belowwhicha reductioninground-run
distanceisobtainedwiththenose-high-attitudetechniqmisaboutthe
sue forthetwotouchdownspeeds.Thereductionor increaseindis-
tancebothinpercentandinabsolutemagnitude,however,isappreciably

. greaterforthehighertouchdownspeed.

Landingdistancewithreducedbrakeeffactiveness.- Theground-run
distanceforthedelta-wingfighterwithreducedbrakeeffactivenessis
showninfigure12fora touchdownspeedof5 percentabovestalling
speed.Theangleofattackduringthenose-highattitudeoftheground
runwastakenas 20°. CurvesareshownforbrakingcoefficientsUb
of100,~, and50percentofthemaximm.navailabletire-to-groundfric-
tioncoefficient~. A brakingcoefficientconsiderablylessthanthe
maximumavailabletire-to-groundfrictioncoefficientmaybe obtained
asa resultof cyclingofthemtiskiddeviceovertoogreata rangeof
skiddingvelocities,of inefficientbrakingby thepilot,orof insuf-
fi.cientbraketorque.As aaexampleoftheefficiencyof oneinstaUa-
tionofantiskiddevices,somerecentNACAtestsofan airplsneequipped
withonetypeofantiskiddeviceindicatedan averagebrakingcoeffi-
cient ~b ofabout O.7pa whilethedevicecycledovera rangeoftire-
skiddingvelocitiesfranO to about 70percentoftheunbraked-wheel
rollingvelocity.Theresultsinfigure12 showthat,asthebraking
coefficientVb isreduced,thenose-high-attitudetechniquegives
greaterreductionsinground-rundistanceontheveryslipperysurfaces.
Thevalueof pa belowwhichthereductionsareobtained.is increased

.
/

by thefactor~ Vb. Forexsmple,forthedelta-wingfighterwith

% = 20°,reductionsareobtainedat ~ *1OW about0.2for Ub = &
. andat ~ belowabout0.4for Pb = O.51Ja.
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Landingdistancewithresidualthrust.-
(idling)thrustT onthegroundrunofthe
catedinfigure13,whichshowsa comparison

NACATN4078

Theeffectoftheresidual
delta-wingfighterisindi-
oftheground-rundistance

for T/W= 6 and0~025.Fora ratioofmaximumthrusttoweightof0.5,
thevalueof T/W= 0.025 correspondstoa residu@.thrustof5 percent
ofmaximumthrust.Withthisresidualthrusttheground-rundistance

(onveryslipperysurfaces~a = 0.05)is,of course,excessiveforthe
conditionwhentheairplaneisnoseddowntothethree-pointattitude
hmnediatelyandbrakesareappliedVn( = Vt). Althoughthereductions

!.. indistanceobtainedbymaintaininga nose-highattitudeareratherlsrge
forthissurfacecondition,theground-rundistanceis stillsogreatas
perhapstorequireotherarrestingmeans. (Itshouldbe notedthatan
antiskiddeticewhichwouldgivea brakingcoefficientequaltothe
maximumavailabletire-to-groundcoefficientisassumedtoW operating
duringbraking,a conditionthatdoesnotappeartobe realizedin
practice.)Thereductioninground-rundistanceobtainedbymaintaining
a nose-highattitudeisobtainedatvaluesof ~ lessthanabout0.2
fora residualthrustofbothO and 0.025W,butthereductionsare
greaterwitha residualthrustof 0.025W..Theeffectoftheresidual
thrustatthelowvaluesof Wa isapproximatelyequivalentto a reduc-
tioninthevalueof Va by thevalueof,T/W.

.

—

Energyinputtobrakes.-Theuseofthenose-high-attitudetechnique
resultsina reductionintheenergyinputtothebrakesandhenceina
reductionofbrakeandtirewear. Thereductionintheenergyabsorbed a
by thebrakes,expressedasa fractionoftheener~ absor~edby thebrakes

Vn

(())

22
when — = 1.0,isgivenapproximatelyby theexpression1 -Vt Vt “
Fortheconditionsinwhichthenose-highattituderesultsina decrease
intheground-rundistance,theadvantagesofthistechniqpearetwofold.
Forconditionsinwhichthenose-highattituderesultsinan increasein
ground-rundistance,thereductioninenergyinputtothebrakeswin
dependontheincreaseinground-rundistancethatcanbe tolerated.When
theairplanehasinsufficientbrakecapacityto absorbthekineticenergy
oftheiirplanein
course,be usedif
meansofarresting

Theeffectof

landing,thenose-~gh-attitudetechniqpemust,of ‘-
sufficientrunwaylengthisavailable;otherwise,other
theairplanemustbe provided: ..

EffectofFlapRetraction

instantaneousflapretractionontheground-rundis-
tanceduringbrakingis showninfigure14fora touchd&nspeedof
5percentabovesta~ingspeedwithzeroresidualthrustand ~b = ~.
Fortheswept-wingtransport,reductionsinground-rundistanceare
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. obtainedthroughinstantaneousflapretractionatvaluesof & down
to 0.05(fig.lk.(e)).Thereductionsatthehighervaluesof pa are

. appreciable.Withgraduslflapretractionthereductionwouldbe smaller
andwoulddependontheflapretractiontime. Fortheotherairplanes
instantaneousflapretractionproducesMttl.eor noreductioninground.
rundistanceabovevaluesof ~ ofabout0.2(or0.4for Pb = o.5~a)
anda relativelylargeincreasebelowthesevalues.At thehighertouch-
downspeeds,20percentabovestalJingspeedfortheswept-wingtransport
and~ percentfortheunswept-wingsadswept-wingfighters(fig.1~),
thevalueof ~ abovewhichthereduction(orbelowwhichan increase)
inground-rundistanceis obtainedisaboutthessmeas atthelower
touchdawnspeed,butthemagnitudeofthereduction(orincrease)is
considerablygreater.Withresidualthrustof 0.02~ (fig.16),
instantaneousflapretractionincreasestheground-rundi.stsmceappre-
ciablyabovethatwithzeroresidualthrustatthelowvaluesof ~.
At thehighervaluesof ~a theresidualthrustof O.O& hasa neg-
ligibleeffectonthedecreaseinground-rundistanceobtainedwithflap
retraction.

CONCLUDINGREMARKS

Calculationsofground-rundistanceforseversldifferenttypesof
jetairplaneshavingbrakingcoefficientsequalto themaximumavailable
tire-to-groundfrictioncoefficientindicatedthatnoreductionin
ground-rundistsmcecouldbe effectedhy maintaininga nose-highattitude
duringthegroundrunfora swept-wingtransport,anunswept-wingfighter,
andonetypeof swept-wingfighter.Somesmallreductionsinground-run
distancewereindicatedfortwootherswept-wingfightersona veryslip-
peryrumway(atvaluesofmaximumavatlabletire-to-groundfrictioncoef-
ficientlessthanabout0.10).A nose-high-attitudeangleintheneigh-
borhoodofthestallangleofattackduringa groundrunofa delta-wing
fighterresultedinan appreciablereductioninlandingdistanceatval-
uesofmaximumavailabletire-to-groundfrictioncoefficientlessthan
about0.2(orabout0.4forbrakingcoefficientseq~l to x percentof
themaximumavailabletire-to-groundfrictioncoefficient).If,however,
thenose-high-attitudesinglewerelimitedby tail-pipeclearanceorby
otherfactorsto abouthalfthestaU angle,noreductioningroundrun
wouldbe indicatedforthedelta-wingfighter.Retractingtheflapsat
theinstantof groundcontactledto reductionsinground-rundistancefor
theswept-wingtransportfortire-to-groundfrictioncoefficientsdownto
about0.05.Fortheunswept-andswept-wingfighters,flapretraction
resultedinanappreciableincreaseinground-rundistanceatmsxbnum
availabletire-to-groundfrictioncoefficientslessthanabout0.2
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(orlessthanabout0.4forbrakingcoefficientseqpalto 50percentof -
themaximumavailabletire-to-groundfrictioncoefficient).

.

LangleyAeronauticalLaboratory,
PWi.tiOIIal Advisory COMMit%efOrAeronautics,

LsngleyField,Vs.,April22,19570
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TAELEI.-AIRPLANEPHYSICALCHARACTERISTICS

w/s, A~pct Sweepbackofwing ~g, ~,
Airplane lb/sqft ratio qpsrterchord,

deg deg deg

Unswept-wingfighter 54 0 0
Swept-wingtransport 70 ;:: 3; 3 0
Swept-wingfighterA 4.8 0 0
Swept-wingfighterB G Z o 0
Swept-wingfighterC 52 ::; 35 0 0
Delta-wingfighter 28 2.0 52 0 0

I

‘TABLEII.- FLAPCHARACTERISTICSATANGLE

OFATTACKFORTHREE-POINTATTITUDE

7

Airplane ‘L,f ‘D,f

Unswept-wingfighter 0.78 0.132
Swept-wingtrsnsport .87 .044
Swept-wingfighterA .4Q .060
Swept-wingfighterB .31 .084
Swept-wingfighterC ●39 .098
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